SUMMARY The surgical anatomy of common atrioventricular orifice (CAVO) with tetralogy of Fallot (Tet), double outlet right ventricle (DORV) and complete transposition (CT) is not well delineated in the literature. Of 507 specimens of CAVO, 30 had Tet, 34 DORV and 17 CT. In Tet, the CAVO was of the complete type in 93%, with a free-floating anterior bridging leaflet, and in 7% it was fig. 1 ) Of 507 specimens of CAVO studied at the Congenital Heart Disease Research and Training Center and the Armed Forces Institute of Pathology, 30 were associated with tetralogy of Fallot. All hearts were in levocardia; 17 have been previously reported.7' 8 The visceroatrial situs was solitus in all cases and the spleen was normal. AV concordance was present in all.
SURGICAL CORRECTION of common atrioventricular orifice (canal) (CAVO) associated with tetralogy of Fallot and double outlet right ventricle (DORV) has been accomplished in a few cases, but the mortality rate of the operation is high. '-6 This may be related in large part to the technical problems of the repair, which in turn stem from the complexities of the malformations themselves. In this study we attempted to delineate the surgical anatomy of these conditions and of CAVO associated with complete transposition.
Definition of Terms
Intermediate type of CA VO. The spectrum of hearts lying between persistent ostium primum and the complete type of CAVO. In the intermediate type there is no cleft in the aortic leaflet of the mitral valve, nor are there complete anterior and posterior bridging leaflets. Between the anterior portion of the anterior mitral valve and the anterior tricuspid valve, and the posterior leaflets of the mitral and tricuspid valves, there is a layer of tissue on the summit of the ventricular septum of varying morphology with or without a ventricular septal defect (VSD) beneath this layer.
Balanced type of CA VO. Both ventricles have hypertrophy and enlargement.
Dominant right type of CA VO. There is hypertrophy and enlargement of the right ventricle and the left ventricle is smaller and thinner than normal.
Dominant left type of CA VO. The left ventricle is larger than normal, with a normal or thickened wall, while the right ventricle is smaller than normal, with a normal or thickened wall.
CAVO Associated with Tetralogy of Fallot (fig. 1) Of 507 specimens of CAVO studied at the Congenital Heart Disease Research and Training Center and the Armed Forces Institute of Pathology, 30 were associated with tetralogy of Fallot. All hearts were in levocardia; 17 have been previously reported.7' 8 The visceroatrial situs was solitus in all cases and the spleen was normal. AV concordance was present in all.
In this entity the arterial trunks were normally related to each other in all but one specimen in which they were side by side, with the aorta to the right of the pulmonary trunk. The apex was formed by the left ventricle in 50%, by both ventricles in 46%, and by the right ventricle in 4% of the cases. The parietal band was deviated to a varying extent toward the anterior wall of the right ventricle, narrowing the outflow tract. This narrowing produced the cyanotic type of tetralogy in all cases except one, where the narrowing was minimal, producing the acyanotic type. In one case the hypertrophied parietal band with the hypertrophied septal and moderator bands produced a double-chambered right ventricle. In all cases, the anterior bridging leaflet was related to the aorta. In all cases except two the CAVO was of the complete type and the anterior bridging leaflet was free-floating. In the other two cases, the CAVO was of the intermediate type.
The right atrium was always hypertrophied and, in most cases, enlarged. The wall of the right ventricle was always thicker than normal, but its size varied. In 42% of cases it was smaller than normal, in 29% it was normal in size and in 29% it was enlarged. The left atrium was smaller than normal in 37% of cases with a normal or thickened wall. In 21% the wall only was thickened and in 21% the wall was thickened and the chamber enlarged. In 21% the left atrium was normal in size and thickness. The left ventricle was hypertrophied and enlarged in 50% of cases. However, it was abnormally small in 21% of cases. A dominant left type of CAVO was present in 42% of the cases and a dominant right in 21%. The associated abnormalities are given in table 1.
CAVO Associated with DORV Of 507 cases of CAVO 34 cases were associated with DORV. All hearts were in levocardia. Fourteen of these hearts had been previously reported. 8 The visceroatrial situs was solitus in 29, ambiguus in four and inversus in one. There was asplenia in 11 cases, polysplenia in one, bilobed spleen in one, accessory spleens in two, and hypoplasia of the spleen in one. AV concordance was present in all except one case, where the atria were in situs inversus and the ventricles in normal position. The classification of these cases is given in table 2. In this anomaly, the arterial trunks were normally related in 36% of cases, and they were side by side in 26% with the aorta to the right. The aorta was anterior and to the right of the pulmonary trunk in 26%, the aorta was directly anterior to the pulmonary trunk in 6%; and in 6% of cases the aorta was to the left and anterior to the pulmonary trunk. The apex was formed by both ventricles in 62% of cases, the left ventricle in 21 % and the right ventricle in 17%. The anterior bridging leaflet was related to the aortic annulus, making the interventricular communication subaortic in 29% of cases ( fig. 2 ). In 15%, it was partly related to the aortic orifice, being in part separated from the aorta by infundibular muscle. In both of these types there was a separate infundibulum for the pulmonary trunk. In 9%, it was related to both the aortic and pulmonic annuli ( fig. 3 ), making the interventricular communication doubly committed. Here the arch formed by the septal and first parietal band was excavated by the defect ( fig. 3 ). In 44% it was not related to either arterial trunk and was separated from them by infundibular muscle (fig. 4) , and the interventricular communication was noncommitted. Two infundibuli were separated by the first parietal band ( fig. 4) . In one case (3%) it was related to the pulmonary trunk only, but separated from it by some infundibular muscle ( fig. 5 ). This made the interventricular communication subpulmonic. Again, two infundibuli were separated by a parietal band and the pulmonary infundibulum was short. This was a case with isolated truncal inversion ( fig. 5 ). In some cases where the CAVO was separated from both arterial trunks, the CAVO was in the line of flow to the aorta. A varying amount of muscle separated the aorta from the pulmonary trunk. Where the aorta was distinctly anterior to the pulmonary trunk, there was an arch of muscle beneath the aortic orifice. In these latter cases, a varying distance caudal to the aortic orifice, a small infundibulum was insinuated in the arch of muscle formed by the septal and parietal bands, which led to the stenotic pulmonary trunk ( fig. 6 ). In 38% of cases of all types of CAVO with DORV there was a common atrium and in 62%, pulmonary stenosis. The percentage of pulmonary stenosis in each type is given in table 2.
The right atrium or the common atrium was always hypertrophied and enlarged. Except in three cases, the right ventricle was either hypertrophied and enlarged or just hypertrophied. In the three exceptional cases, the right ventricle was smaller but thicker than normal. This occurred in a dominant left type of CAVO. The left atrium varied markedly in size. In some cases it was a small chamber with a thin or thick wall. In most cases, however, it was normal in size and thickness or hypertrophied and enlarged. In 32% of cases the left ventricle was smaller and thinner than normal, in 9% smaller and thicker than normal, but in 24% of cases it was hypertrophied and enlarged or just hypertrophied. In the remainder (35%) it was normal. Forty-one percent of the cases were of dominant right All hearts were in levocardia. Seven of these hearts have been previously reported.8 The visceroatrial situs was solitus except in three; in two it was ambiguus and one inversus. Asplenia was present in seven cases and polysplenia in one. AV concordance was present in all except one case. In this case the atria were in situs inversus and the ventricles in normal position.
In this entity, the aorta was anterior and to the right of the pulmonary trunk in 88% of cases, directly anterior in 6%, and anterior and to the left of the pulmonary trunk in 6% of cases. The apex was formed by both ventricles in 70%, by the left ventricle in 24% and by the right ventricle in 6%. An arch was present beneath the aorta so that it was not related to the AV orifice in 53% of the cases ( fig. 7) . In 35% of cases the anterior bridging leaflet was related to the aorta ( fig.  8) , and in 12% it was partly related to the aorta and partly separated from it by muscle. Pulmonary atresia was present in 82%; the rest had pulmonary stenosis, and common atrium was present in 35% of the cases. The anterior bridging leaflet was free-floating in all but one, which was of the intermediate type without a ventricular septal component of the CAVO. The valvular tissue on the left and right side of CAVO in this entity was adequate in size. The associated cardiac malformations with and without splenic abnormalities are given in table 4.
Discussion
Although the pathologic anatomy of CAVO with tetralogy of Fallot, DORV and complete transposition is well delineated in the literature, insufficient emphasis is placed on the data that are important to the surgeon.7-15 Our data show that tetralogy of Fallot associated with CAVO is not rare. In this entity the anatomy of the right ventricle is important from the standpoint of the VSD component of the CAVO. The defect is usually large and confluent with the aortic valve. The anterior bridging leaflet is almost always free-floating. The left ventricle is of good size in the majority of the cases. However, in about 21% of the cases the left ventricle was smaller than normal. These data suggest that many cases may be amenable to total surgical correction.
DORV with CAVO is a more complicated anatomic problem than tetralogy of Fallot with CAVO. There is a variability of position of the great vessels to each other and to the ventricular component of the defect of the CAVO. In 15 of the hearts we studied, the defect was related directly or in part to the aortic valve. Thus, 44% of the hearts were of the subaortic type. In this group the aorta is either to the right of the pulmonary trunk or the vessels are normally related. In only three hearts (9%) was the defect committed to both vessels. In one, the vessels were normally related and in the other two the aorta was anterior to the pulmonary trunk. In one the defect was committed more to the aorta and in the other two the defect was committed to both vessels more or less equally. This is the doubly committed type of DORV with CAVO. In DORV with CAVO the defect may be committed to both vessels in varying proportion, as also occurs in isolated DORV with VSD.
When the defect of the CAVO is of the noncommitted type, the defect may assume any location in the ventricular septum. The vessels likewise may be situated in any relationship vis-a-vis each other. However, the vessels are usually side by side or the aorta is distinctly anterior and to the right of the pulmonary trunk. There is a well-developed infundibular musculature separating the aorta and the pulmonary trunk from the CAVO in most cases. In three of the hearts that we studied the pulmonary trunk emerged adjacent to or a varying distance from the aorta, but was situated below the aortic orifice. Thus, the pulmonary trunk emerged in a tunnel-like fashion with marked infundibular and valvular pulmonary stenosis. In all of these hearts, the aorta was anterior to the pulmonary trunk. Thus, 44% of the hearts we studied were of noncommitted type of DORV.
The fourth type of DORV is of the subpulmonary type. This is rare, and occurred in only one heart that we studied. The vessels were inverted, but the ventricles were normally situated; that is, there was isolated truncal inversion with the pulmonary trunk to the right and posterior and the aorta to the left and anterior. In this heart a small amount of infundibular musculature was present beneath the pulmonary trunk even though the pulmonary trunk was related to the CAVO. The aorta was totally unrelated to the CAVO, being situated to the left and anterior.
We could classify hearts with DORV and CAVO in much the same way we classified those with DORV and isolated VSD.16 In both, the subaortic type of defect is frequently seen, with or without pulmonary stenosis. However, the subpulmonic defect is rare with CAVO, but occurs frequently with isolated VSD. The noncommitted type with CAVO also occurs fre- 1148 CIRCULATION quently, in contrast to its lesser frequency with isolated VSD. The surgical significance of these types of DORV with CAVO obviously differ, depending on the relationship of the vessels to the CAVO. The subaortic and doubly committed type of CAVO are amenable to total correction, as is DORV with isolated VSD. The noncommitted and subpulmonic types constitute grave surgical problems. The anterior brldging leaflet is usually a free-floating type, but rarely, there may be an intermediate form in all types of DORV with CAVO (6.7% of our cases). About 41% of the cases of DORV with CAVO were of the dominant right ventricular type, with a small left ventricle that has inadequate leaflet tissue for the construction of a mitral valve on the left side.
When CAVO is present with complete transposition it is usually with pulmonary atresia. Uncommonly, it is seen with pulmonary valvular and infundibular stenosis. The aorta is anterior and to the right of the pulmonary trunk in the majority of the hearts. Rarely, the vessels may be side by side or the aorta to the left of the pulmonary trunk. In 53% of the cases we studied there was a well-developed arch beneath the aorta separating it from the CAVO, and in 47% of the cases either the aorta was related to the CAVO directly or in part separated by muscle from it. The anterior bridging leaflet was always a free-floating type except in one heart, which had the intermediate type of CAVO. Complete transposition with CAVO presents a formidable task for the surgeon, at least in the majority of the cases, where the aorta is not related to the CAVO and separated by infundibular muscle. When it is related to the aorta, the aorta may be transferred to the left ventricle and a Rastelli-type of connection to the pulmonary trunk from the right ventricle constructed in selected cases. In other types a Fontan-type of repair may be possible, as described by GonzalezLavin. 17 We previously reported that CAVO with tetralogy of Fallot is very frequently associated with Down's disease, but none of our cases had splenic abnormalities. However, CAVO with DORV and complete transposition were not associated with Down's disease, but splenic abnormalities were frequent.8
